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Thin Wailed Core Band-Gap Waveguides 

This application claims the benefit of and priority to U.S. Provisional 
Patent Application Number 60/284,242 filed April 17, 2001. 

Background of the Invention 

1. Field of the Invention 

The present invention relates generally to a method of making a 
photonic crystal preform, having a defect, from which a photonic band-gap 
crystal waveguide fiber can be drawn, and particularly to a method of forming 
the defect of the photonic crystal preform. 

2. Technical Background 

Optical waveguides that guide light by the principle of total internal 
reflection have been in commercial use for more than two decades. Although 
optical waveguides of this design represent a quantum step forward in the field 
of telecommunication, work on alternative waveguide fiber designs continues. 
A particular drawback of the total internal reflection mechanism is that it acts to 
confine the light to a higher index portion, that is, the core, of the waveguide 
fiber. The higher index core is typically higher in density and so is 
characterized by higher attenuation due to Rayleigh scattering and by a higher 
non-linear coefficient. The deleterious non-linear effects can be mitigated by 
designing total internal reflection waveguides that have relatively high effective 
area. However, the complexity of the core refractive index profile usually 
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increases for designs that provide larger effective area. This complexity 
usually translates into higher cost. 

More recently, diffraction has been studied as a means to guide light in 
a material. In a light guiding protocol in which the confinement mechanism is 
diffraction, the material in which the light is guided, i.e., the core of the optical 
waveguide, can have a relatively low refractive index and thus a lower density. 
In fact, the use of a gas or a vacuum as a waveguide core becomes practical. 

A particular structure well suited for use as a diffraction type optical 
waveguide is a photonic band-gap crystal. The photonic crystal itself is a 
regular lattice of features in which the spacing of the features is of the order of 
the light wavelength to be guided. The photonic crystal can be constructed of a 
first material having a first refractive index. Embedded in this first material, in 
the form of a regular lattice or array, is a second material having a second 
refractive index. This is the basic photonic crystal structure. Variations on this 
basic design can include more than two materials in the make up of the 
photonic band-gap crystal. The number of useful variations in the details of the 
lattice structure is also large. 

In the basic photonic crystal structure, the "second material" can simply 
be pores or voids formed in the first material. That is, the voids serve as the 
second material in a photonic crystal. Depending upon the refractive index 
difference of the materials and the spatial arrangement and pitch (center to 
center distance between features) of the embedded features, the photonic 
crystal will not propagate light having a wavelength within a certain wavelength 
band. This is the "band-gap" of the photonic crystal and is the property of the 
photonic crystal that provides for light confinement. It is due to this property 
that the structure is given the name, photonic band-gap crystal. 

To form an optical waveguide (or more generally, a structure that guides 
electro-magnetic energy), a defect is formed in the photonic band-gap crystal. 
The defect is a discontinuity in the lattice structure and can be a change in 
pitch of the lattice, the replacement of a portion of the lattice by a material of 
different refractive index, or the removal of a portion of the photonic band-gap 
crystal material. The shape and size of the defect are selected to produce, that 
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is, support, one or more modes of light propagation having respective 
wavelengths within the band-gap of the photonic crystal. The walls of the 
defect are thus made of a material, a photonic band-gap crystal, which will not 
propagate the mode produced by the defect. 

In analogy with the total internal reflection optical waveguide, the defect 
acts as the waveguide core and the photonic band-gap crystal acts as the clad. 
However, the mechanism of the waveguide allows the core to have a very low 
refractive index thus realizing the benefits of low attenuation and small non- 
linear coefficient. 

Because of the potential benefits provided by a photonic band-gap 
crystal waveguide, there is a need to identify effective, low cost methods of 
making the photonic band-gap crystal waveguide that are tailored for use in a 
manufacturing operation. 

One such method includes the steps of making a preform having a 
plurality of longitudinal passages, etching the passages to reach a desired 
preform geometry, and then drawing the preform into a photonic band-gap 
crystal waveguide fiber. Improving etching efficiency and performance of the 
waveguide made from the etched structure is, therefore, a primary enabling 
step presently understudy. 

Summary of the Invention 

One aspect of the present invention is a method of making a photonic 
crystal waveguide fiber preform using an assembly of a first and a second 
plurality of tubes. A first portion of the photonic crystal is made using a first 
plurality of tubes which have varying wall thickness along the circumference of 
the tube, where the circumference lies in a plane perpendicular to the length of 
the tube. It is understood that the wall thickness does not vary along the length 
of the tube. In assembling the tubes of this first portion of the photonic crystal, 
the thinner wall portions of the tubes abut one another. The second portion, 
i.e., the remaining portion, of the crystal is assembled using a second plurality 
of tubes which have a substantially constant wall thickness. The second 
plurality of tubes is configured to surround the first plurality of tubes. The 
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photonic crystal so assembled is then etched until the portion of the photonic 
crystal where the thin walls abut is removed. Because the first plurality of 
tubes is assembled contiguously, etching away the wall portions where the thin 
walls abut has the effect of forming a defect in the photonic crystal. The first 
5 plurality of tubes is arranged so that the defect produces, i.e., supports or 

propagates, light modes having respective wavelengths that lie within the band 
gap of the photonic crystal. 

In an embodiment in accord with the first aspect of the invention, the 
first plurality of tubes is configured so that the abutting thin walls are located 

10 relative to each other such that, if nearest neighbor abutting points are 
connected by a line, the line is continuous and closes upon itself. In the 
etching step, all of the tubes inside the continuous, closed line are removed 
from the photonic crystal. Advantageously the first plurality of tubes can be 
configured so that the line joining adjacent (nearest neighbor), thin-walled 

15 abutting points forms a symmetric geometrical shape such as a circle or a 
polygon. 

In yet another embodiment, each member or certain selected members 
of the first plurality of tubes has an offset bore. That is, if one takes both the 
outer tube wall and the inner tube wall as each having respective symmetrical 

20 shapes, each having a center point, the two center points are spaced apart 

from each other. The respective inner and outer walls can be selected from a 
group consisting of a circle or a polygon. One advantageous choice is a 
hexagonal shape for the outer wall periphery and a circular shape for the inner 
wall periphery. The hexagonal shape for the outer wall periphery provides for a 

25 close-pack stacking of the tubes, i.e., a stacking with essentially no air gaps. 
The circular shape for the inner wall periphery is relatively easier to 
manufacture compared to a polygon shape, although this distinction is less 
appropriate when describing an extrusion method of making the tubes. 
In yet a further embodiment in accord with the first aspect of the 

30 invention, the first plurality of tubes has a first composition different from that of 
the second plurality of tubes. The respective first and second compositions of 
the two tube types have different etch rates, the first etch rate being greater 
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than the second etch rate. That is, the etching substance removes material of 
the first composition faster than material of the second composition. In this 
configuration, shorter etching times can be used in forming the defect in the 
photonic crystal. 

5 A second aspect of the invention is a method of making a photonic 

band-gap crystal waveguide fiber. The first steps of this method according to 
the second aspect of the invention are the same as those set forth above in the 
first aspect of the invention wherein a photonic crystal preform is made. The 
additional step in making the photonic band-gap crystal waveguide fiber is to 

1 0 reduce the cross section of the preform until the desired diameter of the 

waveguide fiber is reached. This diameter reduction of the preform can be 
carried out using any of several techniques know in the art such as, heating 
and drawing the preform. As an alternative the preform can be heated and 
forced through a series of reducing dies. A combination of reducing dies. and 

1 5 drawing can be used to achieve the desired diameter of the photonic band-gap 
crystal waveguide fiber. These techniques are described in detail in many 
patents and publications and will not be discussed further here. 

In an embodiment of this aspect of the invention, the photonic band-gap 
crystal waveguide fiber has a defect which is symmetric about a center point. 

20 The symmetry of the defect in the waveguide fiber stems in large part from the 
symmetry of the defect in the preform achieved in the assembling and etching 
steps. The symmetry of the defect, which is understood to include an inner 
wall periphery substantially free of sharp inward projections, provides for 
reduced light scattering, and more uniform mode power distribution across the 

25 photonic band-gap crystal defect. Because the defect in this embodiment is a 
void, the defect has a lower non-linear coefficient as well. As is known in the 
art, the defect in the photonic band-gap crystal waveguide fiber acts as the 
core region, in analogy with the optical waveguide fiber based upon the 
principle of total internal reflection. Likewise, the photonic band-gap crystal 

30 surrounding the defect serves to confine the light mode and so is analogous to 
the clad of the total internal reflection type optical waveguide fiber. The modes 
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supported by the defect have respective wavelengths X that lie within the band- 
gap of the photonic crystal. 

An embodiment of the photonic band-gap crystal waveguide fiber 
exhibits a periphery having a regular shape. A measure of the regularity of the 
defect periphery can be made by comparing the relative distance between 
pairs of opposing points. Opposing points are points on the periphery that are 
Ideated across from one another in the sense that the angle swept out in 
moving from one point to the other point is 180°. In this embodiment, the 
shortest and longest distance between pair of opposing points differ by an 
amount equal to about a wavelength, X, of the modes supported. 

A third aspect of the invention is a method of making a photonic crystal 
waveguide fiber preform that includes the step of forming a photonic crystal 
having a plurality of openings separated from each other by walls. The 
openings extend through the photonic crystal. The walls are etched to enlarge 
the openings. One group of openings of the plurality of openings forms a 
contiguous group and has a first composition that exhibits a first etching rate. 
A second group of openings, essentially the remainder of the plurality, 
surround the first group and has a second composition that exhibits a second 
etch rate. The first etch rate is greater than the second etch rate so that more 
material is removed from the first group of openings during the etching step. 
The etching step thus provides a defect in the photonic band-gap crystal which 
can be configured to support a desired light mode (electro-magnetic mode). 

In an embodiment of this third aspect, respective the first and second 
groups of openings are formed by assembling tubes having respective first and 
second compositions. 

In a further embodiment of this third aspect, the photonic crystal is 
extruded. Methods of extruding objects having a first volume of a first 
composition and a second volume of a second composition are known in the 
art. For example, a slug having a first material centrally located and a second 
material surrounding the first material can be forced through a die to make the 
photonic band-gap crystal in accord with this embodiment of the third aspect of 
the invention. 
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Additional features and advantages of the invention will be set forth in 
the detailed description which follows, and in part will be readily apparent to 
those skilled in the art from that description or recognized by practicing the 
invention as described herein, including the detailed description which follows, 
5 the claims, as well as the appended drawings. 

It is to be understood that both the foregoing general description and the 
following detailed description are merely exemplary of the invention, and are 
intended to provide an overview or framework for understanding the nature and 
character of the invention as it is claimed. The accompanying drawings are 
10 included to provide a further understanding of the invention, and are 

incorporated in and constitute a part of this specification. The drawings 
illustrate various embodiments of the invention, and together with the 
. description serve to explain the principles and operation of the invention. 

1 5 Brief Description of the Drawings 

Figure 1 is an illustration of an assembly of tubes in accord with the invention, 
prior to the etching step. 

Figure 2 is an illustration of a symmetric tube for use in assembling a photonic 
20 crystal preform. 

Figure 3 is an illustration of an asymmetric tube for use in assembling a 
photonic crystal preform. 

25 Figure 4 is an illustration of a photonic crystal assembly using symmetric tubes 
or an extruded photonic crystal body after the etching step. 

Figure 5 is an illustration of a photonic crystal assembly using asymmetric 
tubes surrounded by symmetric tubes or an extruded photonic crystal body 
30 after the etching step. 
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Detailed Description of the Invention 

Reference will now be made in detail to the present preferred 
embodiments of the invention, an example of which is illustrated in the 
accompanying drawings. Wherever possible, the same reference numbers will 
be used throughout the drawings to refer to the same or like parts. An 
exemplary embodiment of the photonic band-gap crystal waveguide preform of 
the present invention is shown in Figure 1. Tubes 12 and 14 have a hexagonal 
shaped outer periphery and circular shaped inner periphery 10. Tubes 12 and 
14 are assembled in a hexagonal close packed structure, i.e., there are 
essentially no air spaces between abutting edges of the tubes. The tubes 14 in 
the inner part of the assembly are asymmetric in that the center point of the 
circle defined by of inner periphery 10 is offset from the center of the hexagon 
defined by hexagonal outer periphery 8. Tubes 12 (only six tubes shown) 
represent the plurality of tubes surrounding tubes 14 and are symmetric in that 
the center of the circle defined by periphery 10 substantially coincides with the 
hexagon defined by periphery 8. 

Because of the asymmetry of tubes 14, three thin walled portions, 4, 4', 
and 4", of each of tubes 14 are formed. By placing the center thin wall 4 facing 
into the central portion 16 of the photonic crystal, the thin walls 4' of nearest 
neighbor tubes 14 abut one another as do the thin walls 4" of nearest neighbor 
tubes 14. During the etching step, the respective thin walls 4 of tubes 14 will 
be removed first. The next walls to be removed will be the respective sets of 
abutting walls 4' and 4" of tubes 14. In this embodiment, the walls of each of 
the plurality of tubes 12 and 14 are formed from the same, substantially 
homogeneous material so that the etching rate is the same for each of the 
walls. While a number of dielectric materials can be used as material for the 
walls, a silica based glass is an advantageous choice of wall material. The 
removal of these walls serves to form the defect in the photonic band-gap 
crystal which ultimately supports the desired modes in the photonic band-gap 
crystal waveguide fiber made from the photonic crystal preform. 
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In forming the photonic crystal preform, the etching step serves two 
purposes in this embodiment of the method in accord with the invention. In 
addition to forming the defect in the photonic crystal, the etching of symmetric 
tubes 12 enlarges the circular periphery 10, thereby increasing the fraction of 
5 the photonic crystal volume which is a void, that is, the void fraction. 

Increasing void fraction can provide for an advantageous change in the 
performance of the photonic band-gap crystal waveguide. For example, 
fraction of mode power confined to the defect can increase with increasing void 
fraction. It will be understood that void as used in describing a photonic crystal 

1 0 refers to pores that may be evacuated or air-filled. 

In assembling the photonic crystal of Fig.1 , the central portion 16 can 
result from leaving out a tube. As an alternative, a thin walled tube 2 can be 
used as a spacing member in the central portion 16. The tube can be removed 
after assembling the plurality of tubes to form the preform or the tube can be 

15 left in place and etched away during the etching step. Alternative fixtures and 
jigs can be used to form the central portion 16 of the plurality of tubes 12 and 
14. 

Two embodiments illustrative of symmetric tubes 12 are shown in Fig. 2. 
In a first embodiment, the inner periphery 10 defines the perimeter of a circle 

20 having center point 6. The outer periphery 8 defines a hexagon having center 
6. The respective centers 6 of the circle having perimeter 10 and the hexagon 
having periphery 8 coincide to form the symmetric tubes 12. In a second 
embodiment, the inner periphery 10 is again the perimeter of a circle. The 
outer periphery 18 defines a larger circle. The respective centers 6 of the circle 

25 having perimeter 10 and the circle having perimeter 18 coincide to form 
symmetric tubes 12. 

Two embodiments illustrative of asymmetric tubes 14 are shown in Fig. 
3. In a first embodiment, the inner periphery 20 has an elliptical shape, having 
its major axis 22 perpendicular to the direction of displacement 24. The outer 

30 periphery defines hexagon 8. The geometrical center 26 of the elliptical shape 
is displaced from the center 6 of the hexagon. Major axis 22 is aligned parallel 
with one side of the hexagon defined by periphery 8 so that the displacement 
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of center 26 from center 6 results in the formation of three thin wall, 4, 4\ and 
4". 

In a second embodiment, the inner periphery 20 again defines an 
elliptical shape. The outer periphery 18 is the perimeter of a circle having 
center 6. The center 6 of the circle having perimeter 1 8 is displaced relative to 
the center 26 of the elliptical shape. Because of the circular symmetry of the 
outer periphery, the direction of the displacement need not be described, in this 
second embodiment. However, it will be understood that in assembling tubes in 
accord with the second embodiment, the center of the thin walled portion of a 
tube 14 should be substantially diametrically opposite a corresponding tube 14. 
This configuration provides for the etching away of the desired portion of the 
photonic crystal in the etching step. 

The benefit resulting from use of the asymmetric tubes in a central 
region of the photonic crystal can be seen by comparing Figs. 4 and 5. Figures 
4 and 5 are illustrations of the defect 16 in the photonic crystal together with 
several of the symmetric tubes 12 surrounding the defect 16. Figure 4 depicts 
a photonic crystal preform after the etching step where the preform was 
assembled using a plurality of symmetric tubes only. The large protrusions 30 
extend into the defect 16, forming an irregular surface which can be expected 
to scatter light propagating in the defect. During the drawing step, the preform 
is heated to soften the material of the walls and stretched using the several 
apparatuses and methods known in the art. The wall material is 
advantageously selected to be a silica based glass, although other glasses or 
crystalline dielectric material can be used. The surface tension of the softened 
wall material will cause the protrusions to thin and recede from the center of 
defect 16. Also the arc shaped voids 32 will partially fill due to surface tension. 
However, because the protrusion 30 and voids 32 are pronounced, the defect 
surface in the photonic band-gap crystal waveguide fiber after drawing will still 
be quite irregular. 

In contrast, the photonic crystal preform depicted in Fig. 5 is assembled 
using asymmetric tubes 14 in a central portion of the photonic crystal in accord 
with the invention. After the etching step, the abutting thin walls have been 
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etched away leaving the small protrusions 34 and void indentations 36. During 
the drawing step the small protrusions 34 will essentially disappear, being 
pulled back into the wait material by surface tension. Also the inward pointing 
angular projections 38 of the surrounding hexagons, and the outward pointing 
5 projections 36 of the surrounding hexagons will be smoothed during the 

drawing step to produce a photonic band-gap crystal waveguide fiber having a 
defect surface which is smooth and nearly circular. The smooth, nearly circular 
defect surface that results from drawing the etched preform of Fig. 5 produces 
a greatly reduced amount of light scattering in comparison to the defect 
10 depicted in Fig. 4. 

The defect 16 depicted in Fig. 5 can also be achieved using symmetric 
tubes, for example similar to tubes 12, but made from a material having a 
higher etching rate than tubes 12. 

A further alternative method of achieving a preform in accord with the 
15 invention and as depicted in Fig. 5 is to extrude the preform using a material in 
the defect region 16 which has a higher etching rate than the material used to 
make the portion of the photonic crystal surrounding the defect portion. 

It will be understood that other combinations of tube structure or 
composition can be used to provide a region of a photonic crystal that is 
20 preferentially etched away. For example, the tubes making up the defect 

region 16 could simply be thin walled tubes of essentially any inner and outer 
geometrical shape. 

It will be apparent to those skilled in the art that various modifications 
and variations of the present invention can be made without departing from the 
25 spirit and scope of the invention. Thus, it is intended that the present invention 
include the modifications and variations of this invention provided they come 
within the scope of the appended claims and their equivalents. 
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I Claim: 

1 . A method of making a photonic crystal waveguide fiber preform comprising 
the steps: 

a) assembling into a bundle a first plurality of tubes to form a first portion 
of a photonic crystal, a group of tubes of said first plurality of tubes having a 
wall thickness which varies along the tube circumference to provide thinner and 
thicker wall portions of the tubes of the group, wherein, said first plurality of 
tubes is assembled into said bundle so that thinner wall portions of neighboring 
tubes abut one another, 

b) assembling a second plurality of tubes about said bundle to form a 
second portion of the photonic crystal, each of the second plurality of tubes 
having a substantially uniform wall thickness; 

c) etching the walls of said first and second plurality of tubes to etch 
away the abutting thinner wall portions to form a defect in the photonic crystal. 

2. The method of claim 1 wherein each of said first and second plurality of 
tubes has a long axis and, in a cross sectional plane through said photonic . 
crystal perpendicular to the long axes of the tubes, a line, connecting points 
whereat thinner wall portions of neighboring tubes abut one another, is 
continuous and closes upon itself. 

3. The method of claim 2 wherein said line connecting points forms a 
substantially symmetrical geometrical shape. 

4. The method of claim 3 wherein the regular geometrical shape is selected 
from a group consisting of a circle and a polygon. 

5. The method of claim 1 wherein each of the tubes of the group of tubes of 
said first plurality of tubes is characterized by an outer wall periphery having a 
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center and an inner wall periphery having a center, and the outer wall center is 
spaced apart from the inner wall center. 

6. The method of claim 5 wherein the respective outer wall periphery and inner 
wall periphery are selected from a group consisting of a circle and a polygon. 

7. The method of claim 6 wherein the outer wall periphery is a hexagon and 
the inner wall periphery is a circle. 

8. The method of claim 1 wherein said first plurality of tubes has a first 
composition having a first etch rate and said second plurality of tubes has a 
second composition having a second etch rate, and the first etch rate is greater 
than the second etch rate. 

9. A method of making a photonic band-gap crystal waveguide fiber 
comprising the steps: 

a) assembling into a bundle a first plurality of tubes to form a first portion 
of a photonic crystal, a group of tubes of said first plurality of tubes having a 
wall thickness which varies along the tube circumference to provide thinner and 
thicker wall portions of the tubes of the group, wherein, said first plurality of 
tubes is assembled into said bundle so that thinner wall portions of neighboring 
tubes abut one another; 

b) assembling a second plurality of tubes about said bundle to form a 
second portion of the photonic crystal, each of the second plurality of tubes 
having a substantially uniform wall thickness; 

c) etching the walls of said first and second plurality of tubes to etch 
away the abutting thinner wall portions to form a defect in the photonic crystal, 
said first and second plurality of tubes each having a long axis, and, said 
photonic crystal having a cross section perpendicular to the long axis; and, 

d) after step c) reducing in area a cross section of said photonic crystal, 
wherein the cross section is perpendicular to the long axes of each of the first 
and second plurality of tubes, to form a waveguide fiber. 
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10. The method of claim 9 wherein after step d) the periphery of the defect in 
the photonic crystal is symmetric about a center point 

1 1 . The method of claim 1 0 wherein light of wavelength X propagates in the 

5 defect and the difference between the shortest distance between two opposing 
points on the periphery and the longest distance between two opposing points 
on the periphery is about equal to A.. 

12. A method of making a photonic crystal waveguide fiber preform comprising 
10 the steps: 

a) forming a photonic crystal having a plurality of openings, separated 
one from another by walls, extending from a first to a second end of said 
photonic crystal; 

b) etching the walls to remove material therefrom; wherein, 

1 5 the plurality of openings is divided into a first and a second group, each 

said group having walls, said first group being contiguous and surrounded by 
said second group, and having walls of a first composition characterized by a 
first etch rate, said second group having walls of a second composition 
characterized by a second etch rate, wherein the first etch rate is greater than 

20 the second etch rate. 

13. The method of claim 12 wherein said respective first and second group of 
openings having walls comprise respective first and second type of tube. 



25 



14. The method of claim 13 wherein said photonic crystal is an extruded body. 



WO 02/084347 



PCT/US02/07191 




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(,9)Wor,d, ^:^BS 0 ^ Di2atiOD B iiiiiniiiiiiiiiiiiiuiiiiiiiiiii 

(43) International Publication Date (10) International Publication Number 

24 October 2002 (24.10.2002) pct WO 02/084347 A3 

(51) International Patent Classification 7 : G02B 6/12, 6/16 (81) Designated States (national): AE, AG, AL, AM, AT, AU, 

AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 

(21) International Application Number: PCT/US02/07191 CZ ' DE ' DK » DM > DZ > EC ' EE, ES, FI, GB, GD, GE, GH, 

GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 

M\ inf« n ««An«i ir:iir.o n.t». i o vr Q «* onm nom *>nm\ LK ' LR ' ^ LT * LU > LV, MA, MD, MG, MK, MN, MW, 

(22) International Filing Date: 12 March 2002 (12.03.2002) ^ ^ NQ ^ QM, PH, PL, PT, RO, RU, SD, SE, SO, 

SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, 

(25) Filing Language: English YU, ZA, ZM, ZW. 

(26) Publication Language: English (84) Designated States (regional): European patent (AT, BE, 

CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
(30) Priority Data: NL, PT, SE, TR). 

60/284,242 17 April 2001 (17.04.2001) US 

Published: 

(71) Applicant: CORNING INCORPORATED [US/US]; 1 — with international search report 
Riverfront Plaza, Coming, NY 14831 (US). 

(88) Date of publication of the international search report: 

(72) Inventor: GALLAGHER, Michael, T.; 310 West Pul- 6 November 2003 



teney Street, Corning, NY 14830 (US). 
Agent: CHERVENAK, William, X; 

rated, SP TI 3 1, Corning, NY 14831 (US). ning of each regular issue of the PCT Gazette. 



For two-letter codes and other abbreviations, refer to the "Guid- 
(74) Agent: CHERVENAK, William, J.; Corning Incorpo- ance Notes on Codes and Abbreviations" appearing at the begin- 



< 

(57) Abstract: Disclosed is a method of making a photonic crystal preform which provides improved properties of the photonic 
Q band-gap crystal waveguide fiber drawn therefrom. The photonic crystal preform defect is formed using materials having a particular 
shape or composition so that the defect walls are preferentially etched away to provide a photonic band-gap crystal waveguide fiber 
having a smooth walled defect. 



(54) Title: THIN WALLED CORE BAND-GAP WAVEGUIDES 



INTERNATIONAL SEARCH REPORT 



Internalist Application No 

PCT/ff 02/07191 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G02B6/12 G02B6/16 



According to International Paten! Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G02B 



Documentation searched other than minimum documentation to the extern that such documents are Included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

EPO-Internal , INSPEC 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



WO 99 64903 A (BARKOU STIG EIGIL ;BJARKLEV 
ANDERS OVERGAARD (DK) ; BROENG JES (DK)) 
16 December 1999 (1999-12-16) 
abstract 

page 42, Hne 16 -page 43, line 32 
page 44, Hne 9-21 
claim 84 

figures 16-19,22 

WO 00 60388 A (MANGAN BRIAN JOSEPH ;SECR 
DEFENCE (GB); BIRKS TIMOTHY ADAM (GB); K) 
12 October 2000 (2000-10-12) 
abstract 

page 13, Hne 3-18 
page 16, Hne 1-19 

claim 24 

figures 1,3 

-/— 



1,4,9-13 



1,4,9-12 



Further documents are listed In the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents : 

'A* document defining the general state of the art which is not 
considered to be of particular relevance 

*E a earlier document but published on or after the international 
filing date 

*L a document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*0" document referring to an oral disclosure, use, exhibition or 
other means 

'P* document published prior to the international filing date but 
later than the priority date claimed 



■T* later document published after the international filing date 
or priority date and not in conflict wilh Ihe application but 
cited to understand the principle or theory underlying the 
invention 

•X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

•V document of particular relevance; the claimed Invention 

cannot be considered lo involve an inventive step when Ihe 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*&* document member of the same patent family 



Date of the actual completion of the international search 



1 April 2003 



Date of mailing of the international search report 

09/04/2003 



Name and mailing address of the ISA 

European Patent Office. P.B. 5618 Patent laan 2 
NL - 2280 HV Rijswfik 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Moroz, A 



Form PCT/ISA/210 (second sheet) (July 1902) 



Daae 1 of 2 



INTERNATIONAL SEARCH REPORT 



IntemmUfljAl Application No 

PCT/ff 02/07191 



C.< Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Categony • Citation of document with indication .where appropriate, of the relevant passages 



Relevant to claim No. 



CREGAN R F ET AL: "SINGLE-MODE PHOTONIC 
BAND GAP GUIDANCE OF LIGHT IN AIR" , 
SCIENCE, AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE,, US, VOL. 285, NR. 
5433, PAGE(S) 1537-1539 XP000914812 
ISSN: 0036-8075 
page 1538 -page 1539 
figures 2A.2B 

BARK0U S E ET AL: "SILICA-AIR PHOTONIC 
CRYSTAL FIBER DESIGN THAT PERMITS 
WAVEGUIDING BY A TRUE PHOTONIC BANDGAP 
EFFECT" 

OPTICS LETTERS, OPTICAL SOCIETY OF 
AMERICA, WASHINGTON, US, 
vol. 24, no. 1, 1999, pages 46-48, 
XP000801368 
ISSN: 0146-9592 
page 47 -page 48 
figures 2,3 



1,4,9-12 



11 



Form PCT/ISA/210 (continuation ol second sheet) (July 1992) 



page 2 of 



2 



INTERNATIONAL SEARCH REPORT 

Uon on patent family members 



Internal Application No 

PCT/UT 02/07191 



j Patent document 


Publication 




Patent family 




Publication 


! cited In search report 


date 




1 1 loll lUOl \9f 




data 


WO 9964903 A 


16-12-1999 


AU 


755223 


B2 


05-12-2002 




AU 


3026099 


A 


30-12-1999 




AU 


755547 


B2 


12-12-2002 




AU 


3810699 


A 


30-12-1999 




CA 


2334510 


Al 


16-12-1999 




CA 


2334554 


Al 


16-12-1999 




WO 


9964904 


Al 


16-12-1999 




WO 


9964903 


Al 


16-12-1999 




EP 


1086393 


Al 


28-03-2001 




EP 


1086391 


Al 


28-03-2001 




JP 


2002517793 


T 


18-06-2002 




JP 


2002517794 


T 


18-06-2002 




NZ 


509201 


A 


26-11-2002 


U0 0060388 A 


12-10-2000 


AU 


3827400 


A 


23-10-2000 




CN 


1353824 


j 






EP 


1166160 


Al 


02-01-2002 




WO 


0060388 


Al 


12-10-2000 




GB 


2350904 


A 


13-12-2000 




JP 


2002541507 


T 


03-12-2002 




NO 


20014740 


A 


03-12-2001 



Form PCT/1SA/210 (patent family annex) (July 1992) 



